parameter estimation methods, is introduced for rotor broken bar fault detection. The main idea is that the apparent rotor resistance and leakage inductance of a squirrel-cage induction motor will increase when a rotor bar breaks. Meanwhile, the stator resistance, inductance and the magnetizing inductance will not be directly impacted by such rotor bar breakages. This will be justified here fiom experimental laboratory observations. It is a well established fact that a broken bar fault generates modulation envelops superposed on the amplitudes of stator currents over a slip cycle. This type of envelops can not be observed under no-load condition because the squirrel-cage bars virtually conduct no current under such a condition. Accordingly, the rotor circuit's effects are hardly reflected on the stator side. This means that the stator parameters are not affected by a bar breakage. Tbis is due to the fact that in a no-load situation only the electrical circuits of the stator windings carry the currents and the rotor circuit behaves like an open circuit secondary winding. This paper addresses two issues, fmt it presents a new approach for rotor parameter estimation of induction motors, and second it presents the utilization of this parameter estimation approach for purposes of rotor condition monitoring of induction motors.
I. m O D U C r I O N
In the literature, there are many papers regarding rotor condition monitoring, and rotor fault detection [l-61 . Some of these works have mainly used the kequency spectrum of the stator current for rotor condition monitoring. The rotor magnetic field orientation pendulous OsciIlation, due to broken bars, was recently presented as an index for rotor fault diagnostic purposes. There are other techniques which are based on the artificial intelligence and data mining methods as well as some investigations based on parameter estimation or parameter identification techniques.
A reliable parameter estimation technique for induction motors is critical for the development of high-performance drive systems, and it can also be utilized for condition monitoring applications as well. However, in the context of existing literature the main thrust of parameter estimation techniques in motor-drive control applications is its use to achieve fast and controlled torque response of an induction motor utilizing the principle of vector (field oriented) control. The widely used squirrel-cage rotor aids in the robustness and economy of the drive, but rotor quantities are not accessible. Consequently, the rotor currents, which are not physically accessible, can be calculated. Based on the measured stator quantities and obtained rotor currents, all represented in the stationary dqO reference h m e , a least squares method was implemented to calculated the rotor's inductance and resistance estimations. the obtained frequency components, the waveforms can be reconstructed in a time domain as the summation of the sinusoidal waveforms. For instance, the i, can be expressed as follows:
II. THE INDUCTION MOTOR MODEL
The matrix equation of the induction motor in a dq0 reference m e can be expressed as follows [7] :
where, rs is the stator resistance, rr is the rotor resistance, This matrix equation can be represented in a dq0 reference h e fied to the stator, by substituting the reference fmne speed, o = 0 in (l), which leads to the following:
The first two rows of (2), which express the stator differential equations, c m be rewritten as follows:
Again, the main idea is that the apparent rotor resistance and inductance of a squirrel-cage induction motor will increase when a rotor bar breakage occurs. This becomes obvious upon examination of the developed circuit representation of the rotor cage, see Fig.1 , in which one or more bar breakages w i l l mean that one or more of the bar resistances, 3 , will assume an infinite value. Consequently, and increase ia the overall equivalent resistance of the rotor cage will ensue.
Meanwhile, such a bar breakages will have virtually no effect on stator resistance, stator leakage inductance and the magnetizing inductance which are depend on stator condition and load. Hence, these parameters are considered as the known parameters which might be calculated off-line through the no-load and locked rotor tests, or other techniques.
(3)
Substituting the terms,vq3 , vdr , i , , i, , Di, , and Di, into (3) and (4) where, the unknown parameters are the rotor resistance, r, , and the rotor inductance,L, . In order to estimate these parameters, either (9) or (10) can be used for implementing a Least Squares (LS) method. Here, equation (9) is considered for the remainder of the discussion on estimating the unknown parameters. Let vectors, 0 , and x , and scalar, y be defmed as follows:
Hence, (9) can be expressed based on the vectors of the unknown parameter, # , x , and y as follows:
inthiscase, y ER', B E R 2 , a n d x ER'.
Since, 0 contains two elements, if we sampled the system at two different instants, t k , rk +l , one can write the following: or we can write X B =Y and if X is non-singular, then it follows that i = X -' Y . Of course the estimated vector parameters will not be exactly equal to the real values, this meanst?#Q, because the X ' S and the y's contain measurement noise. If we made N measurements, N > 2 , we could minimize the squared error between the actual output, y (tt ) , and the predicted output, f ( t k ) = 8 'x (tk ) , by minimizing:
where, a is known as the weighting factor and typically (lla) is set to a value just less than one. After further mathematical manipulation the following formulations are obtained (see Appendix for more details):
where,
(15)
It has to be pointed out that the denominator in (15) 
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Calculating r, and L, Using Equations (14) and ( I 5). 
F i g 2 The approach procedure

Iu. S W T I O N RESULTS
Before implementing
0.047
The simulation results were obtained during the stating transient period of each induction motor, when the induction motor was energized by a three-phase she-wave voltage source. Here, in Fig.3 and Fig.4 , the rotor estimated resistance and the rotor estimated inductance of the 7.5-hp power induction motor are. shown as an example. The actual parameters, the fmal estimated values, e.g. see Fig.3 , and the errors of these estimations for both the 7.5-hp and 50-hp are given in Table 2 and Table 3 .
The simdation results show that the percentage errors between the actual and estimated rotor inductances are 0.38% and 0.26% for the 7.5-hp and 50-hp induction motors, respectively. However, the percentage errors between the actual and estimated rotor resistances are 3.48% and 9 YO for the 7.5-hp and 50-hp induction motors, respectively. This means that both the estimated resistances and inductances are very close to the actual corresponding values.
In order to investigate which one of the rotor parameters are more suitable for rotor condition monitoring purposes, a white noise was added to the actual speed. This means that a random value between 0 arid 1 % of the rated s p e d was added to the actual speed value. The estimation results, which are given in Table 4 and Fig.6 , respectively. Meanwhile, the modulated envelop over a slip cycle in the stator current due to three rotor broken bar fault is demonstrated in Fig.7 . Here, the rotor parameter estimation results based on these experimental data are give in Table 6 . 
V. CONCLUSION
A simple and reliable rotor parameter estimation approach has been presented in this paper. It has been found that this approach can be used for the rotor condition monitoring purposes. The estimated rotor inductance indicates that this parameter increases in value with an increase in the number of broken bars. Moreover, fiom the simulation and experimental results, it has been found that estimation of the rotor inductance is more reliable than the rotor resistance, especially when a noise exists in the speed measurements this can be further simplified, let define P = R-' , hence using the following hear algebra formula: it follows that :
